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== (54) Title: ARTICULATING SPINAL IMPLANT 




(57) Abstract: A spinal implant (10) for intervertebral disc re- 
placement. The implant is formed from two hemi cylindrical ele- 
ments (20, 22), each engaging one of an adjacent pair of vertebrae 
(12, 14). An articulating ball-and-socket joint and/or rocker and 
channel between the two elements resists compression and lateral 
movement between the vertebra, but allows pivotal movement, 
thereby preserving mobility. Fusion chambers (30, 34) are pro- 
vided for allowing bone ingrowth to fuse the elements to the ver- 
tebrae. Biocompatible, bioreabsorbable struts, shims (82), fillers 
and/or end caps (90) are provided for temporary stabilization of 
the first (20) and second (22) hemicylindrical elements. Bone 
chips removed from the vertebrae during implantation or bone 
growth stimulators can be inserted into the fusion chamber or oth- 
erwise applied to the implant to enhance bone ingrowth. 




WO 01/15638 



PCT/US00/22939 



CESCEIEXIQM 

is a continuation-in-part of cc 
PriJ 1999, which is a conti 
apphcation Serial No. 09/065,816, filed 23 Apri] 1998. 



Heldofth^nvrntion: 



nipression, while preserv.ng spinal flexibility. 
Descripti m » f p rhtrr| ^ 

The spina, co.umn is formed from a number of vertebrae which in ft 
between adjacent vertebrae resisting com • " f0rm a cushion 

— ~% .... ,„ jmy , 7 ' provide ,he ch ~ 

'™ d,n,dV * nCedC '«"«^-^ P a raWsofllpper 

A mmte »f»«vi«sandm e .hod s havebe e „ sog8este< , for ,. , 
or dislocated taervmebrcldisc, One , "PhMMnlof darned 





WOOL/15638 



PCT/US00/22939 



2 

a separate surgical procedure and resultant increases in complications and expense. An 
alternative source is cadaver bone, with potential complications of transmissible diseases, 
impaired graft incorporation, collapse or displacement. A further development to this method 
of vertebral stabilization involves the implantation of a perforated cylindrical bone basket 
between adjacent vertebrae. Bone fragments produced in preparing the vertebrae for the 
implantation are inserted into the bone basket to promote bone growth into, through and around 
the basket. 

Vertebral stabilization by fusion of adjacent vertebrae has proven successful in 
permanently preserving intervertebral spacing, but has been found to present a number of 
disadvantages. Fusion of adjacent vertebrae necessarily eliminates a portion of the spine's 
normal range of motion, thereby reducing the subject's spinal flexibility. Additionally, fusion 
of the vertebrae increases the stresses imposed on adjacent mobile portions of the spinal column, 
often hastening the subsequent breakdown of normal joint surfaces above and below the fused 
vertebrae. 

It has also been proposed to replace an injured intervertebral disc with a prosthesis 
which is "jointed" to permit relative movement between vertebrae. Previously-known devices 
of this type generally have been found to suffer from inadequate attachment between the 
prosthesis and the vertebrae. The intended movement between the components of previously- 
known jointed prostheses can cause relative motion between the prosthesis and adjacent bone 
surface(s). Because such motion would disrupt bone ingrowth, jointed prostheses have generally 
been considered incompatible with attachment by bone ingrowth. In addition, because the joint 
elements of these devices typically must occupy a substantial vertical extent in order to achieve 
the desired range of motion, and yet must fit within the intervertebral space, attachment of such 
devices generally has been by use of flat plates or surfaces provided on either side of the joint 
elements as points of fixation to the vertebrae. This attachment may be accomplished by 
compressive or friction fits, spiked projections, screws or pins, complemented in some instances 
with tissue ingrowth into porous surfaces. These mechanisms of attachment, however, may lack 
the degree and strength of fixation desired. Moreover, several such devices have used attachment 
flanges which extend beyond the surfaces of the vertebrae to which the device is attached. This 
has been found undesirable, as the extending flanges may interfere with or injure adjacent tissue. 
For example, it has been reported that flanges extending into immediately adjacent delicate 
esophageal area may interfere with swallowing and speech, or cause perforation and potentially 
fatal infection. An additional drawback to the use of screw and pin connections is the potential 
for such connectors to dislodge and cause injury. 
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coupling the first and second elements by interposition of bioreabsorbable elements to permit 
implantation and enable bone ingrowth into the fusion chambers and fusion of the first and 
second elements to adjacent bone during an initial stabilization period, after which said 
temporary means biodegrades permitting articulation between the first and second elements. 

The present invention can be further described as comprising a spinal implant having 
a first articulation surface, a second articulation surface engaging at least a portion of the first 
articulation surface along a support axis generally parallel to the spinal column, first connection 
means for connecting the first articulation surface to a first vertebra, and second connection 
means for connectingthe second articulation surface to a second vertebra. The first and second 
articulation surfaces resist axial compression between the first and second elements in the 
direction of the support axis, but allow relative pivotal motion between the first and second 
elements. At least one, and preferably both, of the first connection means and the second 
connection means comprise a fusion chamber having at least one opening therein for facilitating 
bone ingrowth, thereby permanently and securely affixing the implant in place. 

In another preferred form, the present invention comprises a method of maintaining an 
intervertebral space between a first vertebra and a second vertebra. The method includes the 
steps of removing a section of the first vertebra to form a cavity therein, mounting a first element 
of a spinal implant within the cavity formed in the first vertebra, and connecting a second 
element of the spinal implant to the second vertebra. The first element includes a first 
articulation surface and a first fusion chamber having at least one opening therein for facilitating 
bone ingrowth from the first vertebra. The second element includes a second articulation 
surface, wherein the first and second articulation surfaces adjoin to form a joint allowing relative 
pivotal movement between the first and second elements but preventing relative compression 
between the first and second elements. In a further preferred embodiment, the method may also 
include the removal of a section of the second vertebra to form a cavity for receiving the second 
element. The second element may also include a second fusion chamber for facilitating bone 
ingrowth from the second vertebra. Bone fragments formed by the removal of vertebral sections 
to accommodate implantation or bone growth stimulating compounds or devices may be inserted 
into the fusion chambers) to enhance bone ingrowth. 

These and other objects, features and advantages of the present invention will be more 
readily understood with reference to the followingdetailed description, read in conjunction with 
the accompanying drawing figures. 
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Petajted Pj^cjosure of the Invention 
Referring now in detail to the figures wherein like reference numbers represent like parts 
throughout, preferred forms of the present invention will now be described. As seen in Figs. 
1-3, one embodiment of the present invention comprises a spinal implant 10, generally 
comprising a first element 20 and a second element 22. The first element 20 is coupled to the 
second element 22 by an internal articulation means 24 for allowing relative pivotal movement 
between the first and second elements. 

Figures 4 A and 4B show the spinal implant 10 of the present invention installed in situ, 
between a first vertebra 12 and a second vertebra 14. The implant 10 is shown implanted into 
an anterior aspect of the vertebral body, between the fifth cervical and sixth cervical vertebra. 
The device and method of the present invention, however, are applicable to anterior, lateral, and 
posterior approaches to the vertebrae. 

As seen best in Figs. 2-3, the first element 20 of the implant 10 comprises first 
connection means, in the form of a first fusion chamber 30, for engaging the first vertebra 12. 
At least one opening 32 is formed in the first fusion chamber 30, to facilitate bone growth into, 
through and around the first fusion chamber 30 from the first vertebra 12, to fuse the first 
element to the first vertebra 12. Preferably, a plurality of openings 32 are provided to further 
promote bone ingrowth. Fusion by bone ingrowth has been found to provide a more permanent, 
rigid connection between the implant 10 and the skeletal structure than provided by other known 
connection means. 

The second element 22 of the implant 10 comprises a second connection means for 
engagingthesecond vertebra 14. The second connection means preferably comprises a second 
fusion chamber 34, substantially similar in construction to the above-described first fusion 
chamber 30, and comprising at least one opening 36 formed therein for facilitating bone growth 
into, through and around the second fusion chamber 34 from the second vertebra 14. 
Alternatively, the second connection means can comprise an adhesive connection, screw 
connection, pin connection, or any other effective alternative connection means. However, the 
provision of a second fusion chamber 30 is preferred, as it provides a more permanent and secure 
coupling than other known attachment means. Although the first element 20 and first vertebra 
12 are depicted in the figures as above the second element 22 and second vertebra 14, it will be 
understood that the present invention equally comprehends the reverse configuration wherein 
the first element, as described herein, is attached to a first vertebra lower on the spinal column 
than the second vertebra to which is attached the second element. The first and second elements 
can be fabricated from biocompatible materials including, without limitation, titanium, surgical 
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modifying the shape of the channel 102. The modified channel 102 can be, for example, 
substantially hour-glass in shape through the depth of the channel 102. The channel width at the 
channel's base 103 and mouth 104 are greater then the channel width at the channel's midpoint 
105. The hour-glass shaped channel 102 permits a tilting motion along two perpendicular linear 
planes. 

In an second alternative to this embodiment, as shown in Figures 1 la and 1 lb, an 
alternative second range of motion can be added to the articulating means 24 by modifying the 
shape of the channel 106. The modified channel 106 can be, for example substantially hour- 
glass in shape through the length of the second element 22. The channel width at the channel's 
longitudinal midpoint 107 is less the channel width at the channel leading end 108 and tail end 
109. Those skilled in the art, having the benefit of the instant disclosure, will appreciate that the 
"hour-glass" shape as described herein includes various curves or straight edges so long as the 
width at, or near, the end points of the channel (or the top and bottom of the channel) is wider 
than the width at some point between the end points. The hour-glass shaped channel 106 permits 
two ranges of motion, a tilting motion and a pivoting motion about the central axis. These 
motions may be desirable for some patients. 

In an third alternative to this embodiment, as shown in Figures 15a and 15b, an 
alternative second range of motion can be added to the articulating means 24 by modifying the 
shape of the channel 1 10. The modified channel 1 10 can be, for example substantially diamond 
in shape through the length of the second element 22. The channel width at the channel's 
longitudinal midpoint 111 is greater than the channel width at the channel leading end 112 and 
tail end 113. Additionally,the first articulation surface 40 comprisesa correspondingly- shaped 
rocker 1 13 which can be, for example, diamond in shape along the length of the first element 20. 
Those skilled in the art, having the benefit of the instant disclosure, will appreciate that the 
"diamond" shape as described herein includes various curves or straight edges so long as the 
width at some point between the end points of the channel (pr the top and bottom of the channel) 
is wider than the width at, or near, the end points. The diamond shaped channel 110 permits 
three ranges of motion, a tilting motion and a pivoting motion about the central axis. These 
motions may be desirable for some patients. 

The articulation means 24 preferably further comprises one or more angularly offset 
bevels 50 formed in the first internal articulation surface 40 and/or the second internal 
articulation surface 42, to allow relative tilting movement between the first and second vertebra 
12, 14 in one or more directions. According to the embodiment shown in the figures, the first 
and second internal articulation surfaces 40,42 are each provided with an angularly offset bevel 
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into the openings 32, as taught by U.S. Patent No. 5,489,308 to Kuslich et al In other less 
preferred embodiments, the threads 80 can be replaced with a contoured outer surface 
comprising smooth, splined, flanged, spiked or beaded surface features. The implant 10 can 
further comprise one or more support flanges 85 in the first and/or second elements 20, 22, for 
additional strength. 

In a second embodiment as shown best by Figures 6a, 6b and 12, the first and second 
elements 20,22 of the implant 10 of the present invention preferably comprise generally 
hemielliptical outer walls 97, 99 adjoining to form a generally elliptical body. When in their 
assembled configuration, the first element 20 and the second element 22 abut one another with 
their respective first and second articulating surfaces 40,42 adjacent and engaging one another, 
as described above. The first element 20 preferably further comprises a first radiused outer wall 
97. The one or more openings 32 for facilitating bone ingrowth are provided in this first 
radiused outer wall 97, and communicate with a first fusion chamber 62 formed between the first 
radiused outer wall 97 and the first articulating surface 40. Similarly, the second element 22 
preferably comprises a second radiused outer wall 99, defining one or more openings 36 for 
facilitating bone ingrowth. The openings 36 communicate with a second fusion chamber 72 
formed between the second radiused outer wall 99 and the second articulating surface 42. In 
alternative embodiments the contoured outer surfaces of the first 20 and 22 second elements can 
comprise smooth, splined, flanged, spiked or beaded surface features to secure the element in 
position once implanted. The implant 10 can further comprise one or more support flanges 85 
in the first and/or second elements 20, 22, for additional strength. 

In a another embodiment as shown in Figures 7 and 12, the element 10 may be tapered 
along the horizontal axis. The tailing end 92 having a vertical radius greater then the vertical 
radius of the leading end 93. The tapered shape decreases the amount of material required to be 
removed and increases the ease of insertion of the implant 10 in between the first and second 
vertebra. 

In a further preferred embodiment, the present invention may further comprise the 
provision of one or more stabilizing means for temporarily rigidly coupling the first element 20 
to the second element 22 to prevent relative movement therebetween. For example, it is 
preferred that the first and second elements 20, 22 be held rigidly in place during installation of 
the implant 10 into the intervertebral space. In addition, the first and second elements 20, 22 
should remain rigidly coupled for a sufficient length of time after implantation to permit 
sufficient bone ingrowth into the fusion chambers to prevent relative motion between the implant 
10 and the vertebrae 12, 14 during normal activities of the patient. Typically, approximately 
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articulation at the interface between the top surface of the cap and the concave surface 46 of the 
first element 20, and between the bottom surface of the cap and the convex surface 48 of the 
second element 22, resulting in a bipolar articulation. This arrangement reduces frictional wear 
on the articulation surfaces by distributing wear over two articulation interfaces. The 
engagement of the concave lower surface of the cap 90 with the convex surface 48 of the second 
element 22, and the engagement of the convex upper surface of the cap 90 with the concave 
surface 46 of the first element 20, prevents the cap 90 from becoming dislodged when the 
implant 10 is installed. 

The present invention further comprises a method of maintaininga desired intervertebral 
space between a first vertebra 12 and a second vertebra 14. The method preferably comprises 
removing a section of the first vertebra to form a cavity therein, mounting a first element of an 
articulating spinal implant into the cavity, and connecting a second element of the implant to the 
second vertebra. The articulating spinal implant used to carry out this method is preferably 
substantially similar to the example embodiment described above, having first and second 
internal articulation surfaces which adjoin to form a joint allowing relative pivotal movement 
between the first and second elements, but preventing relative axial compression therebetween. 
At least one of the elements preferably further comprises a fusion chamber, including a chamber 
and at least one opening communicating with the chamber, for facilitating bone ingrowth into, 
through and around the fusion chamber from the respective vertebra. In a preferred form, the 
method of the present invention comprises attachment of both the first and second elements of 
the implant to the respective vertebra using fusion chambers for bone ingrowth. In this 
embodiment, a section of the second vertebra is preferably removed to form a cavity therein for 
receiving the second element of the implant. The method of the present invention can further 
comprise the insertion of bone fragments, which may be the fragments formed in the above- 
described removal of vertebral sections, into the fusion chamber(s)of the implant. The presence 
of these bone fragments has been shown to stimulate and enhance bone ingrowth into the fusion 
chamber. In another embodiment, the method of the present invention anticipatesthe application 
of means for stimulating bone growth into, through, and/or around the fusion chambers). The 
means for stimulating bone growth can comprise, for example, electrical or magnetic bone 
growth stimulators, bone morphogenetic protein (BMP), hydroxyl apatite compounds, 
demineralized bone compound, and/or other bone growth stimulating devices or compounds. 
It is also anticipated that the introduction of a cyanoacrylate material, commonly referred to as 
surgical glue, onto the outer surface of the fusion chambers) may be used to fix the implant in 
optimal position awaiting bone ingrowth. 



WO 01/15638 

PCI7US00/22939 

*=^re t „ 6ciltatetase „ ionofu , eimpllnt Verttbra ' 

a mnjo, an, minor di , meter J" **"•- to having 

TV fta. drill bi, ex,.„ ds ou, bayed cunins bhd . , " ' e """' Ca ' 

-.aria, to 

elements of the i mplant « rigidly ' . and ,he firs « ™» «ond 

above. The stabilized i mD . a „ t I 8 ^ 35 

he stab,l,zed im p, a nt,s advanced into the bore to the desired depth P re ferablv the 
implant is advanced until the tailing «,h 01 • « , "Wwably, the 



WO 01715638 



PCT/USOO/22939 



14 

opening to accommodate both implants. Alternatively, a single, appropriately sized implant 
could be placed in the interspace utilizing the transabdominal open surgical approach, the 
transabdominal laparoscopic approach, or the retroperitoneal open anterior approach allowing 
pivotal motion around the single point of articulation as described above for use in cervical and 
thoracic intervertebral disc spaces. 

Post-operatively, bone ingrowth will occur, fusing the first and/or second elements of 
the implant to the respective vertebra. After sufficient passage of time, the stabilizing means is 
dissolved and absorbed into the body, uncoupling the articulation means to permit relative 
motion between the first and second elements, thus preserving spinal flexibility and minimizing 
destructive stress upon adjacent intervertebral joints. The implant resists axial compression 
between the first and second elements, and thereby prevents relative compression between the 
first and second vertebra, thus maintainingthe desired intervertebral space. Further, the implant 
is recessed into the recipient vertebral site, eliminating impingement on next adjacent vascular, 
neural or visceral structures. 

While the invention has been disclosed in its preferred forms, it will be apparent to those 
skilled in the art that many modifications, additions, and deletions can be made therein without 
departing from the spirit and scope of the invention and its equivalents as set forth in the 
following claims. 
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Claims 
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1 7. The spinal implant of claim 4, wherein said channel along the length of said second 

2 element has a channel width at each end which is less then the channel width at some point 

3 between each end. 

1 8. The spinal implant of claim 7, wherein said rocker along the length of said first 

2 element has a rocker width at each end which is less then the rocker width at some point between 

3 each end. 

1 9. The spinal implant of claim 1 , wherein said first connection means comprises a first 

2 fusion chamber located between said first articulation surface and said first outer surface, and 

3 said first outer surface comprises at least one opening for facilitating bone ingrowth into said 

4 first fusion chamber. 

1 1 0. The spinal implant of claim 1 , wherein said second connection means comprises a 

2 second fusion chamber located between said second articulation surface and said second outer 

3 surface, and said second outer surface comprise at least one opening for facilitating bone 

4 ingrowth into said second fusion chamber. 

1 11. The spinal implant of claim 1, wherein said first outer surface comprises a first 

2 radiused outer wall, and said second outer surface comprises a second radiused outer wall. 

1. 12. The spinal implant of claim 11, wherein said first radiused outer wall and said 

2 second radiused outer wall comprise a securing means for securing said spinal implant within 

3 a cavity between said first vertebra and said second vertebra. 

1 13. The spinal implant of claim 12, wherein said securing means comprises a threaded 

2 surface on said first and second radiused outer surface. 

1 14. The spinal implant of claim 11, wherein said first radiused outer wall and said 

2 second radiused outer wall comprise a hemicylindrical outer surface. 

1 15. The spinal implant of claim 11, wherein said first radiused outer wall and said 

2 second radiused outer wall comprise a hemielliptical outer surface. 
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1 16. The spinal implant of claim I. wherein a first vertical radius of said tail wall is 

I greater then a second vertical radius of said end wall. 
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17. The spinal implant of claim 1, further comprising a stabilizing means for 
temporarily rigidly coupling said first element to said second element. 



1 18. ^^i-'i-Plantofclaimn.whereinsaidstabilizingmeanscomprisesanendcap 

1 19- The spina, implant of claim 1 7, wherein said stabilizing means comprises at least 

2 oneb.oreabsorbable element adapted to be absorbed after implantation. 



20. The spinal implant of claim I, wherein a intermediate articulation element is 
positioned between said first and second articulation surfaces. 

2 1 - The spinal implant of claim 20, wherein said first articulation surface comprises a 
concave surface, and said second articulation surface comprises a convex surface, and said 
mtermed.ate articulation element comprises a generally hemispherical cap 



22. A method of maintaining an intervertebral space between a first vertebra and a 
second vertebra, said method comprising the steps of 

(a) removing a section of the first vertebra to form a cavity therein; 

(b) mounting a first element of a spinal implant within the cavity formed in the first 
vertebra, said first element comprising a first articulation surface and a first 
fusion chamber having at least one opening therein for facilitating bone 
ingrowth; 

(c) connectinga second element of the spina] implantto said second vertebra, said 

secondelementcomprisingasecondarticulationsurface, wherein saidfirst and 
second articulation surfaces adjoin to form a joint allowing relative pivotal 
movement between said first and second elements but preventing relative 
compression between said first and second elements. 

23. The method of claim 22, further comprising inserting at .east a portion of said 
removed section of said first vertebra into the external fusion chamber. 
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3 24. The method of claim 23, wherein said second element further comprises a second 

4 fusion chamber having at least one opening therein for facilitating bone ingrowth, and wherein 

5 said method further comprises removing a section of said second vertebra to form a cavity 

6 therein, and mounting said second element of the spinal implant within said cavity formed in 

7 said second vertebra. 

1 25. The method of claim 24, further comprising applying means for stimulating bone 

2 growth to each of said first and second fusion chambers. 

1 26. The method of claim 22, further comprising temporarily rigidly coupling said first 

2 element to said second element with at least one bioreabsorbable stabilizing means prior to 

3 mounting said first element within said cavity in said first vertebra. 
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FIG. 5 
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